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EXPERIMENTS WITH ROAD-MIXES AND 
SURFACE TREATMENTS IN CALIFORNIA 


Reported by T. E. STANTON, Materials and Research Engineer, Division of Highways, California, and J. T. PAULS, Seni 


of Public 


TQUID asphaltic materials of the slow-curing type 
have been used extensively in the Western States 
during the last few years in the construction of the 

road-mix or mixed-in-place types of surfaces. In general, 
they have given satisfactory results in the arid and 
semiarid sections. However, these materials have not 
been entirely satisfactory in the more humid areas or 
with certain kinds of aggregates, and a need has been 
felt for some experimental work to determine the limi- 
tations of the materials and to obtain information as to 
other materials and methods of construction which 
might be used to better advantage under these special 
conditions. 

The series of experimental sections described in this 
report included a wide range in the features com- 
monly involved in the construction of the road-mix and 
surface-treatment types. 

The experimental sections were built during 1929 and 
1930 by the division of highways, California Department 
of Public Works, in cooperation with the Bureau of 
Public Roads. The 21 sections cover a length of 
10 miles on U.S. 30, beginning at the California-Nevada 
State line and extending southwest toward Truckee. 
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EXPERIMENTS COVERED A NUMBER OF TYPES OF CONSTRUCTION 


The experiments are grouped with respect to the 
type of construction and materials used as follows: 

1. Road-mixes of crushed stone and gravel aggregates 
with different types and grades of bituminous materials. 

2. Surface treatment of road-mixes. 

3. Surface treatments on a traffic-bound stone base 
course. 

The location of the different experiments and the 
details of their construction are given in tables 1 and 7. 

The road on which the experimental sections were 
built had been graded and drained and surfaced with | 
selected soil containing some granular material. In| 
the summer of 1927, following this construction, an | 
oil-mixed surface from 2 to 3 inches in thickness was | 
built using local aggregate. On the westerly 3 miles 
a crushed red volcanic ash was used in the surface mix | 
and this surfacing failed extensively. The remaining 
7 miles, on which crushed granite had been used, was 
in better, condition but, in general, failure had devel- 
oped on the whole project to such an extent that recon- 
struction of the surface was necessary at the time the 
experiments were begun. Figure 1 is an illustration of | 
a condition typical of the old surface. | 

The road is in a section where the climate is severe 
and the moisture conditions are unfavorable. ‘The av- 
erage elevation is more than 5,000 feet and the range in 
teruperature is from about 95° F. above zero to as low 
as —30° F. Considerable snow lies on the road until 
late in the spring and, as the road is located largely in 
heavy sidehill cuts, the moisture conditions during 
Winter and spring are particularly bad, due to the 
heavy flow of water and sliding of earth which occur 
at this time of year. Figure 2 shows a typical condi- 
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|shown in figure 3. 


r Highway Engineer, U.S. Bureau 


tion during the spring. Yearly traffic counts over the 
period from 1929 to 1933 show a daily traffic on week 
days of 1,300 vehicles and as many as 3,500 vehicles are 
counted on Sundays. 

Subgrade samples were taken at intervals under the 
edge of the old surface and the results of analyses are 
given in table 2. 

The experimental sections were each approximately 
one-half mile in length, with the exception of sections 
11, 12, and 13, which were one-third mile. Sections 
were numbered from east to west beginning at the 
State line and ending with section 21 at the west end of 
the project. The surface was made 20 feet wide in all 
cases and the compacted thickness of both the road- 
mix surfacing and also the traffic-bound stone course 
for surface treatment was 3 inches. 

As a basis for correlation of data obtained on mate- 
rials, methods of construction, and service behavior, 
two observation or test points were selected in each 
section, approximately 700 feet from each end. The 
locations of these points were marked in the field by 
3- by 3-inch painted posts and identified by the num- 
ber of the section and the letter A if near the easterly 
end, and B if near the westerly end. At these points 
samples were taken to determine the condition of the 
old surface and the character of the subgrade soil. 
Immediately prior to applying the bituminous mate- 
rial the aggregate was sampled to determine the mois- 
ture content and the mechanical analysis. Samples of 
the surface mixture were taken at these locations dur- 
ing compaction and at several intervals thereafter. 
Results of tests on these samples to determine the 
bitumen content, grading, and stability are given in 
table 3. Wherever the right or left portion of the 
roadway is mentioned in the report the reference is to 
the right and left of an observer facing in the direction 
of the stationing and the beginning of the project. 

Except for the %- to \-inch stone, the crushed stone 
used was produced locally at a roadside crushing plant 
The local material was a highly 
weathered granite, friable and very light, the crusher- 
run material weighing only about 2,300 pounds per 
cubic yard, and the open-graded material weighed 
1,970 pounds. The %- to %-inch stone was the same 
type of material but of somewhat better quality and 
was shipped in by rail from Oroville, Calif. The fine 
material, known locally as muck sand, which was 
added to the aggregate on several of the sections to 
increase the percentage passing the no. 200 sieve, was 
shipped in by rail from Sacramento. Washed gravel, 
1 to \ inch in size, and crushed gravel ranging from 
%s-inch to dust, were obtained from Fair Oaks, Calif. 
Combinations of these sizes were used on the road-mix 
sections and satisfactory mixing was obtained by depos- 
iting the materials on the subgrade in the proportions 
of 25 percent of the coarser uncrushed gravel to 75 per- 
cent of the finer crushed gravel and blading it in 
windrows. 
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TaBLE 1.— Materials used on road-miz experimental sections. 





All sections were surfaced with 3 inches of compacted material placed 


in 1929 and seal treatments were given to some sections in 1929 and 1950 
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TABLE 2.—Resulis of tests on subgrade soil samples 
4 g I 
Mechanical analysis ! Physical characteristics of material passing no. 40 sieve 
Particles smaller than 2 millimeters Moisture 
aii ™ | equivalent 
Section and location — | | lanai Soil group 
then 2 | Fine : Liquid | Plasticity; Shrink- | Shrink- 
milli- Coarse sand, 0.25 Silt, 0.05 | Clay, less} Colloids, limit | index | age limit} age ratio : 
snetens | sand, 2 to to 0.05 | %0.9.005 |than 0.005) less than } Centri- | pied 
ener |0.25 milli-| Thinj. | milli: | milli- | 0.001 mil- tuge 
| meters meter meter meter limeter 
a | = Ss = 
Percent Percent | Percent | Percent | Percent | Percent 
tS a 44 | 52 30 14 4 2 22 | 5 18 1.8 15 18 | A-2, plastic. 
B 27 | 42 32 19 7 1 36 | 16 19 | 1.8 34 25 | A-4. 
42 60 23 14 3 2 a = a eee. 14 19 | A-2, nonplastic. 
42 60 28 10 | ee 23 | 5 20 | 1.7 17 20 | A-2, plastic. 
39 53 29 15 | 3 2 23 | 1s pes eae 17 21 Do. 
51 41 30 23 6 | 2 31 | 11 21 | 1.7 | 28 25 | A-4. 
39 62 22 | 13 3 | 2 26 6 19 | 1.7 | 19 22 | A-2, plastic. 
46 | 41 33 | 20 | 6 2 39 | 17 19 1.7 33 | 30 | A-7. 
28 | 37 27 14 | 13 | 6 38 | 16 18 | 1.8 | 35 | 29 | Do. 
50 | 54 26 | 14 6 | 2 31 | 10 21 | 1.7 | 23 26 | A-2, plastic. 
14 | 51 26 | 18 5 1 24 | 4 eal 16 22 | Do. 
51 45 31 14 10 | 4 29 | 5 21 | 1.7 | 3 %| Do. 
26 34 35 24 | 7 | 1 29 | 9 21 1.7 | 25 25 | Do. 
39 28 38 21 13 5 32 11 22 AF I 24 26 Do. 
40 35 35 22 5 2 27 | 6 22 LT) 22 24 | A-4. 
41 22 41 25 12 5 36 14 21 1.7 | 32 30 | Do 
30 38 23 27 7 1 39 19 | 20 Rea 33 30 | A-7. ; 
24 47 35 15 3 1 26 | 6 | 22 1.7 15 23 | A-2, plastic. 
30 51 30 16 | 3 1 23 | 4 | 22 1.7 19 21 Do. 
29 20 17 33 | 30 13 52 23 | 26 1.6 49 43 | A-7. 
24 38 29 23 10 3 35 15 | 19 1.7 32 27 | A-. 
45 27 24 34 15 5 46 | 19 23 | 1.6 48 39 | A-7. 
38 23 24 42 11 2 37 | 12 | 20 1.7 | 41 29} A-4. ; 
43 35 33 20 12 5 _ 4 ee | acinapmiged Dai cipal 17 22 | A-2, nonplastic 
39 38 42 13 7 3 | Se: ee i sta 15 22 Do. 
26 28 36 23 | 13 5 | 23 | 3| 22 | 16 | 26 24 | A+. 
27 27 31 24 18 s 27 8 24 1.6 30 27 | A-4. 
37 49 35 11 5 3 | 27 | Pa eS | Sree ta AR ee od 23 29 | A-2, nonplastic. 
23 25 31 23 21 ‘ 31 | 7 27 | 1.6 | 39 31 Do. 
4 17 25 28 30 16 51 | 27 17 1.8 | 56 39 | A-7. 
37 24 32 23 21 13 27 7 21 | 1.7 2 22; A-4 
46 11 24 39 | 26 11 | 48 17 | 34 | 1.4 58 41 | A-5. 
2 4 18 49 | 29 | 8 | 69 27 | 33 | 1.4 | 7 58 Do. 
| | | | 



































! Particles above 0.074 mm in diameter by sieve method; particles below 0.074 mm in diameter by the hydrometer method. 


GENERAL METHOD OF CONSTRUCTING 


ROAD-MIX SECTIONS 
DESCRIBED 


The road-mix type of construction was used on sec- 
tions, 1 to 13, inclusive. The bituminous materials used 
on these sections included slow-curing oils of 60-70 and 
70-80 asphalt content, medium-curing kerosene cut 
backs of 94+ asphaltic oil and of 110-120 penetration 
asphalt, and emulsions of 95+ asphaltic oil and 110-120 
penetration asphalt designated as 95+ M, 95+ L and 
110-120 M, respectively. Analyses of the bituminous 
materials are given in tables 4 and 5. Tests on these 
materials were made according to the methods used at 
the time of construction and are therefore not those 


now generally advocated. The approximate Saybolt- 
Furol viscosity values have, however, been included in 
the tables to facilitate comparison with present grades 
of asphaltic materials. 

With the exception of the 70-80 slow-curing oil, the 
consistencies of the liquid asphaltic materials used in 
the road-mix sections, expressed as specific viscosity, 
Engler, at 122° F., ranged from 64 to 100. In terms o! 
Saybolt-Furol viscosity, the range is from 265 to 400 
seconds. For the medium-curing cut-back materials, 
20 to 25 percent of kerosene was required in the manu- 
facture to soften the base asphalt to the required con- 





sistency. 
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FiagurE 1.—Typicat CONDITION OF THE OLD SURFACE AT TIME 


OF CONSTRUCTION. 


PUBLIC ROADS 


The bituminous materials were delivered in tank cars | 


which were heated to about 100° to 150° F.; the asphalt 
was pumped into tank trucks and hauled to the job. 
\ detachable pressure distributor was used for spread- 
ing. 

The aggregate was hauled in trucks and dumped in 
two windrows, one on each edge of the roadbed. 
correct amount of aggregate was obtained by measuring 
the loads at the place of loading and spreading them 
over measured distances on the road. On those sec- 
tions requiring the addition of fines, the procedure was 
to add this material to the top of the windrows and then 
mix the two together before applying the oil. 
grading of the aggregate was determined by frequent 
sampling and testing at the loading plant and by later 
tests on the material in the windrows immediately 
before applying the oil. The amount of fines or filler 
to be added was determined from frequent mechanical 
analyses of the aggregate at the loading plant. 

A typical grading of the fine muck-sand added to 
the crusher-run aggregate on a number of the sections 
to increase the percentage of material passing the no. 
200 sieve was as follows: 
Screen or sieve size: 


Percent passing 
¥% inch 


I eR PTE Oe OEE Ne Cr See ae 100. 0 

Ls ) SR eee a aes ee 99. 7 
0 ae See 9 ak a 6 a ee 99. 0 
| Se te ee a ee 98. 7 
| A ee ee te Se Ae ee 98. 0 
OE a ere ea a8 7 Sa ee 97. 2 
ee ee Sa Se ee 89. 4 
LS SE Ee eS ha 2 es ees 82.0 
ROI he ae ee ee es oD 57. 3 | 
he amount of bituminous material required was 


determined largely from the appearance of the mix, the | 


grading of the aggregate, and the results obtained dur- 
ing the progress of the work. The detailed descri iptions 
of the sections show the grading of the aggregate and 
the amount of water de termined at the time of mixing. 
able 3 gives additional information from tests made 
on 
struction. 
that 
the 


Comparisons, of the amount of oil used and 
required according to various formulas based on 
vrading of the aggregate can be made from the 


data in table 6. 
Prior to adding the bituminous material, one windrow 
of aggregate was moved to about midway between the 


The | 


The | 


the mixes at different intervals following the con- | 


| Figure 3- 





FicurE 2.—DuRING THE SPRING, Stipes CausEep Poor DRaIn- 


AGE AT NUMEROUS POINTS. 





Tue RoapsipE CrusHING PLANT CONSISTING OF A 
JAW CRUSHER AND A GYRATORY CRUSHER. 


edge and the center of the roadway and spread to a 
width of approximately 10 feet. The oil was then ap- 


| plied in three applications and disked in after each 





application. After the last application of oil, the ma- 
terials were mixed with blade machines, using the 
usual turn-over method, until the aggregate had a 
uniform coating. It was then left in a ‘windrow at the 
edge of the road and the same procedure was followed 
on the opposite windrow, after which the 2 were com- 
bined and mixed again 5 or 6 times to insure uniformity. 

In the construction of those sections where emulsions 
were used it was found advantageous to blade the ma- 
terial into a windrow following each application of oil 
and subsequent disking. Blade machines were used, 
one on each edge of the material, each turning toward 
the other, followed by a third machine which flattened 
the windrow thus formed in preparation for the next 
application. The arrangement of equipment is shown 
on the cover page. 

Upon the completion of the mixing process the ma- 
terial was windrowed to the center of the road and 
spread by blading toward each edge. After spreading 
to the full width, a light power grader was used to 
smooth and maintain the surface. 
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TABLE 4. Analuses of bituminous materials sed on various seclior 
)-120 penetratior 
Grade and type of material phalt cut back wu 
er ene 
How and where used M i 
Specific gravity at 25° C ), O71 0. OF if 
Flash point, C.0.C., °C 79 80 
Specific viscosity Engler at 50° C 8.9 2.7 s 
Approximate Saybolt-Furol at 50° C., seconds 200 2 
Specific viscosity Engler at 100° C 
Float test at 50° C., seconds 
Loss 163° C., 5 hours, 50 centimeters, percent 2 14. 00 00 
Float on residue at 50° C., seconds af . “ 75.8 &Y 78 
Loss at 163° C., 5 hours, 20 centimeters, percent... ; aes 7. 39 18. 6 17.8 
Float on residue at 50° C., seconds = 153. € 07 188 
Soluble in CS:2, percent } 82 88 
Organic matter insoluble, percent s l 
Inorganic matter insoluble, percent 5 ) 
Bitumen insoluble in 86° B. naphtha, percent 8. &.9 | 
Residue of 100 penetration, percent : : 76. 2 7 
Penetration on residue at 25° C., 100 centimeters, 5 second 102 
Penetration on residue at 0° C. 200 centimeters, 60 seconds 2 22 
Softening point of residue, °¢ wictasiges ie } 14.4 46, 2 
Ductility of residue at 25° C., centimeters 10+ 110 
Ductility of residue at 1.5° C., centimeters 0 2 4. f 
iv 1 A 
94+- asphaltic | , pe netratic 
Grade and type of material oil cut ba 00 SIOW ceo oy wong 
with kerosens uring cut back 
with kero 
sene 
, Priming on | Priming or 
eer ee ee * Mix on secs. 9 | left lane of jright lane of 
How and where used snd 10 pecs. 14, 16. | sees. 14,1 
16, and 17 16, and 17 
Specific gravity at 25° (¢ SE SE ee ee 0. 97 0. 966 0. 04 ) 943 
Flash point, C.0.C., °C ‘ 88 85 l 68 
Specific viscosity Engler at 50° C etait, 100 2.2 8.8 2 
Approximate Saybolt-Furol at 50° C., seconds 400 370 0 
Float test at 50° C., seconds. . : 5 
Penetration at 25° C., 100 centimeters, 5 seconds.. 
Softening point, °C - ‘iste 
Ductility at 25° C., centimeters Z 
Loss 163° C., 5 hours, 50 centimeters, percent 12.6 2.9 8.4 2 
Penetration on residue at 25° C 
Float on residue at 50° C., seconds. : ; 114 0. 2.8 88 
Loss at 163° C., 5 hours, 20 centimeters, percent. - . 15.4 | 16. 0 2.9 30 
Penetration on residue at 25° C. ARTES 
Float on residue at 50° C., seconds 2 192 49. 2 204 
Soluble in CS:, percent._- 19.87 99. 90 99. 88 19.9 
Organic matter insoluble, percent. lf OS 07 07 
Inorganic matter insoluble, percent ae 03 . 02 ) 0 
Bitumen insoluble in 86° B. naphtha, percent........___. esa 9. 97 9. 85 5. 45 13. 2 
Residue of 100 penetration, percent STA SSeS 76.8 76. 5 58.8 6 
Penetration on residue at 25° C. 100 centimeters, 5 seconds... YS 87 4 102 
Penetration on residue at 0° C. 200 centimeters, 60 seconds 17 16 23 
Softening point of residue, °C ; 45.4 | 45 44.8 
Ductility of residue at 25° C., centimeters._.............-- 110+ 110 36 
Ductili y of residue at 1.5° C., centimeters._........____- 4.0 4.2 4.0 








! Material did not pull to a thread. 


TaBLeE 5. 


v and where used- --- 


ifie gravity, 25°/25° C_. 
ifie viscosity, Engler, at 50°C 
| illation to 260° C 
Water, percent by weight 
Oil, percent by weight- 
Residue, percent by weight 
i on residue: 
Specific gravity, 25°/25° C 
Penetration at 25° C 
Softening point, °C 
Ductility at 25° C_ eines 
Bitumen soluble in CS, percent- 








rganic matter insoluble, percent__-- 
norganie matter insoluble, percent. 


satel ‘ 95+1 95+M 
Mix on 

sec. 13 Mix on 

and seal | secs. 11 

on secs and 12 
12 and 13 

1.008 1.009 

aia 41.9 40.1 

i 1 on 

- 58. 0 59.8 

1.012 1. 020 

126 110 

41.6 48.2 

79 47 

aA a 19. 04 94. 87 

resents 05 2. 54 

indeaticenes 91 2. 59 


-Analyses of typical asphaltic emulsions used on th 








( é ons excepted) 
60-70 60-70 | = 
‘ | 70-80 slow-cur- 
V-cCur- | Slow-cur : 
- E ing oil 
ing oil ing oil | 
| 
é { at ns Mix on | Mix on sees. 7 
ec. 6 and 8 
secs. 1 
j ) 
RQ rx 0. 969 0. 968 0.975 0.979 
49 145 149 142 | 17! 166 
)] 82.5 69. 4 | fe 
0 BP dndcticmiaginoe ue 
9.3 12.1 
| 32.4 45 
2 9 6.6 | 1.9 1.9 
‘ 28.8 29.7 25.4 40.4 49.6 
{ 14. { 2.5 | 9.7 » 2.8 
g 4 48 19.6 35. 2 41.8 53 
Q ry ® 19, 82 99.81 | 99.88 99. 82 
8 14 .16 | ll 16 
04 03 | . 01 . 02 
4.44 4.29| 3.61 6.47 
65.4 Ce) tas 77.2 
2 89 | Rg 92 
21 19 17 19 
‘ 4 Q 46. 0 5.2 | 45.6 45.4 
87 110+ | 1104 110+ 
s 1. 2.2 6.0 1.8 
110-120 } 
phal-| asphalt cut | 50-60 slow- | 50-60 slow- 
back with | curing oil | curing oil 
naphtha | 





| Priming on 
Priming on| 














8 tre secs. 18, 19, 
: on sé sec. 18 | 20, and 21 
| 
4 1. 011 0. 958 0. 948 | 0. 945 
24 S 123 115 
9 20. 7 17.6 
240 85 | 70 
5 10.8 snalals 
2 17.7 Te ie! 8.6 
24 "91.8 
17.8 15.7 12.8 
« 45.6 $1.2 
’ 9 19, 88 99, 89 99. R88 99. 87 
yi 8 OS 07 . 09 
2 4 03 05 . 04 
8. OS 8 7.92 6.14 4.92 
78.8 8.8 | 58.8 
91 98 | 103 
19 | 21 
43 | 45.3 
110+ 110+ 
é 4.5 5.0 
arious sections 
954-1 144+L2 | 90-95 L3 |110-120 M| Standard] Standard 
= bie 
irface _ | 
Sea reatmen Surface | g ws 
on se n sec. 19 Mix on treatment}, Surface | 
11, 12 nd right sec. 11 | on secs. | ewepage A 
ind i ine < , | 20 and 21 On Sec. a8 
sec. 18 | 
| 
1. 009 1. 006 1.010 1.007 | 1.011 
2.8 2.9 1.9 1.7 2.7 
48.4 42.8 42.4 50.9 43.2 42.3 
lrace . Trace . 05 
¢ 57 7.6 48.9 56.8 | 57.7 
| 
1.014 1. 009 1.017 1.008 | 1.012 
148 202 234 98 | 142 | 154 
42.4 5.6 48.8 43.8 | 44.4 
110 81 | 50 92 | 1104+ 
6 8.05 | 94. 69 | 99.00 | 98. 73 
55 | 2. 54 .18 | 44 
2. 9€ 1. 40 2.77 | .82 
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TaBLE 6.—Amounts of bituminous material used on the different road-miz sections (exclusive of seal coat) and the amounts indicated by 


various formulas 











Average | Amount of bituminous ma- 


amount terials required according 
of bitu- to various formulas ! 
. Calculated amount of bitumen exclusive of solvent men! A wee -| Remarks on richness of the mix as 
Section and water in mix (percent) ?3 = | Pe indicated by service behavior 
tion, by | Stanton, | Utah bret ag 
extrac- Calif. vias N Dak | 
tion = 7 
» 4 eee eS ee eT IE iia chiallelainaltstusiiseaientednh iba onsitee 3.3 2.7 3.1 | 2.9 | Slightly lean without seal. 
p Macsescccceccccccsccccccccccccccocecs tT aac nitiheuele tule tnwainiseie detainee wbwaaiend 3.6 3.7 4.0 4.1 Do. 
ER Si baicacs capsaicin lela aXe inleipin becca _ | RES RRS SR Oe eee 3.3 3.7 4.0 4.1 | Satisfactory without seal 
EEE NET TREES NE 3.6 2.1 2.5 2.1 | Rich. ; 
ainsi iii ich ancient dba tamapecetikel Guiinaneiplanginintn | eee eae ee. EE eee 3.8 4.6 4.9 5.2 | Satisfactory without seal. 
Docteecindennetesuetnetineevesecoscerese De isinshinpeusesnipirinnnineenininiintes 3.1 4.0 4.2 4.3) Do. 
4 eae 4.2 4.5 4.8 | Slightly lean without seal. 
ay? 3.8 4.0 4.1 Very lean. Satisfactory with seal. 
5.1 4.4 4.5 4.8 | Satisfactory 
3.5 2.3 2.8 2.4 Rich. 
3.5 4.5 4.8 5.0 | Slightly lean without seal 
4.0 3.9 4.2 4.3 Satisfactory without seal 
< \ 3.7 } S »j y dis ) 
Bebe btasecwdawinwna PTO LE LS slow curing a sb RSE? cee SE a 3.9 3.7 3.8 3.9 | Sufficient but poorly distributed 
\{3.3-3.6 emulsion ?_.._........-.. cenudouwa wane vacated \ 7 ae | P 
12......-.----- eee ee (Roo | SSS | ea f 4.7 2.8 3.1 2.9 Do. 
pbeercennewe Se eer |, SARE Cae SEE EE 7 2.7 3.0 2.8 | Very lean. 





1 These formulas are all based on the division of the aggregate on the no. 10 and no. 
200 sieves: 
P= Percent of oil required. 
a= Percent of aggregate retained on the no. 10 sieve. 
b= Percent of aggregate passing to no. 10 and retained on the no. 200 sieve. 
¢= Percent of aggregate passing the no. 200 sieve. 
0.15¢ for fine aggregate. 
Stanton, Calif.: P=0.02a+-0.0456+-{0.18¢ for average aggregate. 
0.20 for coarse aggregate. 
Utah: P=0.02a+0.033b+0.195¢+H (H is an absorption factor and is usually 
taken as 0.5). 
yoming and North Dakota: P=1.4 (0.015a+0.036+0.17c). 


An 8-ton tandem roller was used to obtain final com- | 
action on the road-mixed emulsion sections and cut- | 
ack asphalt sections. The sections built with slow- | 

curing oil were not rolled but were compacted entirely 
by traffic. 

Obstructions, as shown in figure 4, A, were devised 
to guide the traffic so as to compact the full width of 
the surfacing. These were moved at frequent intervals 
to distribute traffic as required. The road-mix sections 
were built in 1929 and their behavior up to the final 
inspection in October 1932 is discussed in the following 
pages. 


ROAD-MIX SECTIONS DESCRIBED IN DETAIL 


Section 1.—The section consisted of a road-mix with 
medium-curing cut-back asphalt. The mix was com- 
posed of crushed rock and 110-120 penetration asphalt 
cut back with kerosene. The section was divided into 
three parts in order to investigate the use of differently 
graded aggregates and different amounts of binder. 

Section 1—A, at eastern end of the project, was 639 
feet long and was surfaced with crusher-run stone 
(three-fourths inch to dust) mixed with 1.71 gallons 
per square yard of cut-back asphalt. The aggregate 
contained 0.5 percent moisture and the mechanical 
analysis was as follows: 


Passing— Percent 
I a 100. 0 
EER COS ae OE Te - e See 76. 5 
No. 3 sieve... __- eh ng ae ‘ 46. 0 
0 ae Se ee a oe 13. 0 
oe ee ee ee ae ee eae 2. 5 


Section 1—B was 660 feet long and was surfaced with 
crusher-run stone (three-fourths inch to dust) with an 
admixture of fines to increase the percentage of dust 
and was mixed with 1.92 gallons per square yard of 
cut-back asphalt of the same grade as used on section 
1-A. The aggregate contained 2.5 percent moisture 
and the mechanical analysis was as follows: 


2? The percentage of bituminous material by weight were calculated on the basis of 
the specific gravities of the bituminous materials as given in tables 4 and 5 and the 
following unit weights of loose aggregates 

Pounds per 


cubic foot 
Gravel. 4 . ee oa “ 100 
Close graded crushed stone ae : : 7 90 
Crusher-run stone RS 
Open graded crushed stone : 5 80 

3 The quantities of cut back and emulsion have been corrected for solvent or water 
using 56 percent of bitumen for the emulsions and 80 percent residual bitumen for the 
cut backs. 

Passing Percent 
%-inch screen ; 7 ade be eee 100. 0 
%-inch screen__-—-_-_- a poe ee ae ; 72. 0 
No. 3 sieve... -.-- ant ae oe a cates 19. 6 
No. 10 sieve___- os = : a 28. 0 
ING. Doe MOG... cccncucx Te Te ? r 


Section 1—-C was 1,320 feet in length and was iden- 
tical with section 1-B as to aggregate and type of 
binder. The section was mixed at the same time as 
1—B using 2.26 gallons per square yard of the cut-back 
material. The mixed material was spread and com- 
pacted by traffic for 8 days. A wide spread in bitu- 
minous content was desired betwen sections 1—C and 
the other sections and at this time it was evident that 
a greater amount of bituminous material could be used 
without causing instability. The section was there- 
fore scarified and remixed with the addition of 0.21 
gallon per square yard. 

No difficulty was encountered in handling, applying 
or mixing the cut-back material. Less mixing seemed 
to be necessary than with the slow-curing oils of simila: 
viscosity. The mixture on sections 1-B and 1 
which contained added fines, compacted and bonded 
much more quickly under traffic than did section 1—.\ 








where fines were not added. The edges of these sec- 
tions were rolled about 10 days alter construction and 
were greatly improved in appearance. By that time 
the traveled portion of the roadway had compacted 
to such an extent that rolling of this portion was not 


considered necessary. 


Cost of section 1: 
1-A—46.94 cents per square yard or $5,507 per 1 
1-—B—51.18 cents per square yard or $6,005 per mil 
1—C—58.57 cents per square yard or $6,872 per mil 
All three sections were in good condition whicn 
inspected 3 years after the construction. The surfaces 
were free from rich areas such as developed extensive!) 
on some of the slow-curing oil sections. Section 
1-C which had the highest asphalt content, retained 

















January 1935 


























Figure 4.—A, Ossrructions Usep To GuipE TRAFFIC so AS TO CoMPAcT ENTIRE SurFACE; B, THE RELATIVELY QuicK-BREAKING 
EMULSION Usep ON Sections 11 AND 12 Propucep A Mixture Wuicu was Dirricutt To Compact; C, A Unirorm Mix 
Wauarcn Compactrep ReEapILty Was OBTAINED ON SECTION 13 BY THE USE OF A SLOW-BREAKING Emutsion; D, Tur LEANNESS 
oF SECTION 13 RESULTED IN RAVELING WuicH CoNnTINUED UNTIL THE SURFACE WAS SEALED. 


the most wear-resistant surface. Sections 1—-B and 
1-A began to show slight signs of surface raveling dur- 
ing 1932 and were given a light seal treatment of 0.15 
gallon of 90-95 asphaltic oil applied hot and a cover 
of 11 pounds of \%-to \-inch crushed stone per square 
vard, 

Except for the seal treatment, the only maintenance 
required had been the skin patching of a few small 
areas on section 1—A where the surface cracked due 
to movement in the subgrade. 

Section 2.—The section consisted of a road-mix of 
cut-back asphalt and open graded 
aggregate. The aggregate was %- to \-inch crushed 
stone bound with 1.4 gallons per square yard of 110 
120 penetration asphalt cut back with kerosene 

The moisture content of the aggregate was 0.25 
percent and the mechanical analyses were as follows: 


Sample A | Sample B 





ever, compacted and bonded slowly with the result that 
for several days some aggregate was displaced by traffic. 
Less displacement of aggregate would probably have 
occurred, not only on this section but also on section 1, 
had the mix been allowed to cure until somewhat tacky 
before being spread and compacted. 


The cost of the surface was 66.50 cents per square 


| vard, or $7,802 per mile. 


crushed-stone | 


| 2 years after construction. 


As a result of the use of the medium-curing type of 
cut-back asphalt, instead of the rapid-curing type which 
would have been better suited to the open-graded aggre- 
gate, the mix did not develop high stability until about 
The surface of this section 
remained in excellent condition although the indica- 


| tions were that it was somewhat rich when constructed. 


Probably a better design for this section would have 
been a leaner mix with a light seal treatment to provide 
the necessary resistance to displacement. Maintenance 


had been limited to a few small skin patches where the 
|surface cracked or slight surface depressions had de- 


1 
Pa sing— Percent Percent 
34-inch screen_.._- coat 100.0 | 100. 0 
}4-inch screen | 86.0 79. 5 | 
No. 3 sieve____. : 7 : : 55.5 | 41.0 
No. 10 sieve __- am 2.0 1.0 | 
No. 200 sieve . 25 0 





Mixing was completed on this section with consider- 


included fines. The cut-back asphalt readily and thor- 
oughly coated all of the stone particles. 


| graded gravel. 


veloped. 


Section 3.—A slow-curing oil was mixed with a close- 


The surface was composed of 25-per- 
cent uncrushed, washed gravel 1 to % inch in size and 
75 percent of crushed gravel %% inch to dust, bound 


| with a 60-70 oil applied at the rate of 1.70 gallons per 
ably less effort than on section 1 where the aggregate | 


square yard. The moisture content of the aggregate 


was 3 percent, and the mechanical analyses were as 
The mix, how- ! follows: 
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| tening of the mix did not develop to the extent that it 
Sample A | Sample B | }; : . ‘ . : , . afw 
| did on section 3 although it was necessary to scarify and 
| remix about 500 feet on the east end during the summer 





Passing— Percent Percent - a. © ‘ ; _ 
14-inch screen. ; 100. 0 100.0) Of 1931. This portion was almost entirely in a cut 
oe -** ? so | Where the drainage and subgrade were not satisfactory. 
ge-inch screen... - 78.0 75.0 | A seal treatment, similar to that used on section 3, was 
No. 3 sieve---.-....-- : 62.0 60. 0 : , 29 ‘ ; ae 
No. 10 sieve____-_- 10.0 1.5 | applied in 1932 to several short portions totaling 666 
No. 200 sieve... --...- --- 11.0 1.5 | square yards where the surface was beginning to ravel, 

= | particularly along the edges. 
The materials were mixed readily and the mixture, on Section 6.—A slow-curing oil was mixed with a close- 


being spread, appeared quite dark in color for a typical | graded crushed stone and followed with a light seal. 
oil-mix. It seemed to compact more rapidly under| The mix was composed of crusher-run stone, three- 
traffic than did the other oil and crushed-stone mixes. | fourths inch to dust, with fines added and 1.7 gallons of 
The mix appeared richer than the stone mixes having the | 60-70 oil. After compaction a light seal treatment of 
same grading of aggregate and amount of oil This was | 60—70 oil and a cover of %- to \-inch screenings was 
probably due to the relatively high percentage of mois-| applied. The aggregate contained from 2.75 to 3.25 
ture in the aggregate. percent of moisture and the mechanical analyses were 
The cost of the surface was 69.68 cents per square | as follows: 
yard or $8,175 per mile. Its high cost was due largely | - 


to the use of gravel aggregate which was shipped by sample A | Sample B 
rail. 

The action of moisture on the mix seems to have | passing Percent | Percent 
been more pronounced than on section 4 where crushed ee BO on 8 
stone aggregate was used. The surface, except for a | }-ineh screen 72.0 80.0 
small area on the west end where drainage and sub- No 10 sieve. 33.0 | 44.0 

vO. 200 Sléve _. v.0 9. 25 


grade conditions were bad, remained generally hard and 
stable until the spring of 1931 when it softened quite 
generally, necessitating scarifying and remixing of After the surface had been down about 35 days and 
about 500 lineal feet on the east end and 700 feet on | had become thoroughly compacted, it was swept clean 
the west end. with a power broom and a light seal treatment of 60-70 
It should be noted that the portions which failed | oil was applied. The oil was heated to about 140° F. 
first on this section, as well as on section 4, were those | and was applied at the rate of 0.17 gallon per square 
where the mix appeared somewhat rich in oil at the | yard on the right half of the surface and at the rate of 
time of construction. Poor drainage and subgrade con- | 0.10 gallon on the left half. A cover of about 19 pounds 
ditions, which prevailed on several small portions of | of %- to \-inch screenings was then spread, following 
the section, also seemed to greatly hasten the softening | which the surface was rolled with an 8-ton tandem 
of the surface. roller. The major portion of this cover material was 
During the summer of 1932 a seal treatment of one- | thrown to the sides by traffic due to the inability of the 
fourth gallon of 90-95 hot asphaltic oil and a cover of slow-curing oil to hold the aggregate cover. . 
16.5 pounds of one-fourth- to one-eighth-inch crushed The appearance of the surface before applying the 
stone was added to several portions of the section on seal treatment seemed to indicate a slight deficiency in 
which the mix had not softened appreciably. The area | oil which would probably have resulted in some raveling 
treated was mostly over fills and totaled 3,111 square had not the seal treatment been applied. The principal 
yards, or slightly more than half of the entire section. | effect of the treatment was to enrich the surface and 
Section 4.—A slow-curing oil was mixed with a close- make it more resistant to the wear of traffic. The cost 
graded crushed stone. The mix was composed of | of the surface was 52.03 cents per square yard or 
crusher-run stone, three-fourths inch to dust, with fines | $6,105 per mile. 
added as filler, and 60-70 oil applied at the rate of | . In general, this section had remained in better condi- 
1.78 gallons per square yard. The aggregate contained | tion than either sections 3 or 4. Although there were 
from 2.75 to 3 percent of moisture and the mechanical | Some indications of softening of the mix In a few smal! 
analyses were as follows: ‘local areas, failures did not develop sufficiently to affect 
___ | the generally good condition of the surface. 
| Sample A | Sample B Maintenance, except for some skin patching, had 
consisted of scarifying and remixing in the summer o! 
1931 of about 200 feet of surface on the east end and 





—_ = = - 


Passing— Percent | Percent : . : : . 
e-------- phearelbeiirenen —e 100.0) the application of an additional seal treatment during 
Yrinch screen...........-----.-.-----eeeeeeereeeenes 79.5 79.0| the summer of 1932 to 751 square yards of the surface 
haw. ene oe $0 | which was beginning to show some signs of wear. This 
sis ateacimpemaemimme ake otmenammees 7.5 7.5 | treatment was similar to that applied to sections 3 and 








f ge ——————— | 4 except that one-fourth gallon of bituminous material 
Sections 4, 5, and 6 were designed to have practically | and 16.4 pounds of cover were used per square yard. 


identical mixes except as to percentage of oil used.| Section 6.—The section consisted of slow-curing oil 
Sections 5 and 6, however, were surface treated while | mixed with crushed stone with a light surface treatment. 
section 4 was not. The mix was composed of crushed stone, three-fourths 

The cost of the surface was 44.57 cents per square | inch to dust, without the addition of fines, and 60-70 
yard or $5,229 per mile. oil at the rate of 1.40 gallons per square yard. A light 


The surface remained in good condition generally. | surface treatment was applied late in the fall. The 
The mix appeared somewhat lean at the time of con-| aggregate contained 2.5 percent moisture and_ the 
struction but no appreciable raveling occurred. Sof- | mechanical analyses were as follows: 











i. Be od 


— —-— —_— 


rht 
‘he 
the 


January 1935 


Sample A | Sample B 


Passing 


Percent Perce 
34-inch screen 06, 0 4.0 
44-inch screen 85. 5 & 
No. 3 sieve 71.8 i4 
No. 10 sieve 1g 9 


No. 200 sieve 6.8 s 

The mix in this experiment was purposely made lean 
as a surface treatment was to be applied later. Some 
raveling and pot-holing occurred during the period of 
about 2 months which intervened between the placing 
of the mix and the applying of the surface treatment 
and it is doubtful if the untreated oil-mix surface could 
have gone through the first winter without considerable 
failure. 

Previous to the application of the surface treatment 
the surface was swept and all holes patched. A 94 
grade of asphaltic oil heated to about 400° F. was 
applied at the rate of 0.28 gallon on the right half of 
the roadway and 0.22 gallon on the left half. It was 
immediately covered with 18.7 pounds per square yard 
of - to \-inch stone and then rolled. <A different 
amount of oil was used on each half of the road width 
in order to obtain information as to the most economical 
amount to use. As the treatment was not applied 
until late in the fall, cold weather prevented complete 
cementing of the cover stone and, as a result, some of 
the aggregate was displaced by traffic. It was not 
until the following summer that the oil warmed suffi- 
ciently to come up through the stone and at that time 
some additional cover had to be added to stop bleeding. 

The cost of the mix and surface treatment was 47.17 
cents per square yard or $5,534 per mile. The mix 
alone cost 37.88 cents per square yard or $4,444 pet 
mile. 

This section had remained in excellent condition. 
The surface was free from soft spots such as occurred on 
some of the other sections with light oil mixes. Such 
little maintenance as had been required consisted of 
applying a few small seal patches. 

Section 7.—-A slow-curing oil was mixed with a close- 
graded crushed stone. The mix was composed of 
crushed stone, three-fourths inch to dust with which 
fines were added, and 70-80 oil at the rate of 2.16 
gallons per square vard. The aggregate contained 
from 1.5 to 3 percent moisture and the mechanical | 
analyses were as follows: 


Sample A | Sample B 


issing Percent | Percent 
‘44-inch screen 100. 0 100. 0 
46-inch screen. 79. 5 84.5 
No. 3 sieve_... 65.0 | 70.0 
No. 10 sieve . 45.5 41.0 
No. 200 sieve 11.0 6.5 


Considerable difficulty was encountered in aiiea| 
he 70-80 oil because of cold weather during construc- | 
‘ion. The quantity of oil first tried was 1.93 gallons 
per square yard. Since this did not appear to be 
‘ufficient an additional 0.23 gallon was used. The mix 
compacted rapidly and developed an excellent nonskid 
surface texture. The oil seemed to have better adhe- 
sive properties than did the 60-70 oil but was less 
adhesive than the cut-back asphalts. 

The cost of the mix surface was 47.82 cents per square 
yard or $5,611 per mile. 

_ Softening of the mix developed early on about 600 
leet on the west end and on about 200 feet on the east | 
03715—25——-2 
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end. These portions appeared rich at the time of 
construction and the soil and drainage were not as 
satisfactory as on the other portions of the section. 
The soft places were scarified and remixed during 
1931. In 1932 a seal treatment, similar to that used 
on a portion of section 5, was applied to 265 lineal feet 
where the surface was beginning to wear. The section 
was in good condition at the time of the last inspection. 
Section 8.—A slow-curing oil was mixed with an 
open-graded crushed stone. The mix was composed of 
crushed stone, three-fourths to one-eighth inch in size 
and a 70-80 oil at the rate of 1.24 gallons per square 
yard. The aggregate contained from 0.2 to 3.5 percent 
moisture and mechanical analyses were as follows: 


Sample A | Sample B 


Percent Percent 
100.0 100. 0 
i 84.4 83.9 
No ieve 52.0 48, 2 
Ni 


10 Sieve 7.0 5.0 


1.0 1.0 
} 


The material was mixed very quickly and was al- 
lowed to remain in the windrows for several days before 
it was spread. Compaction took place slowly and 
there was appreciable displacement of stone under 
traffic for several days during the early compaction. 
Rolling was finally resorted to and aided considerably 
in compressing and smoothing the loose surface material. 
The surface obtained was more open than was desired 
but, in accordance with the original plan, it was not 
given aseal. The early behavior of this section and the 
difficulty in compaction was similar to that experienced 
on section 2 where a 110-120 penetration asphalt cut 
back with kerosene was used. The cost of the surface 
was 59.55 cents per square yard, or $6,987 per mile. 

In the spring following construction this section 
failed by rutting extensively under the truck traffic inci- 
dent to the construction of sections in 1930. Although 
the west half of the section, which was in a cut where 
the subgrade soil and drainage were bad, failed first 
and most extensively, it was evident, even on the good 
subgrade, that the mix lacked sufficient stability. The 
section was considered unsatisfactory and it was discon- 
tinued as an experiment during the fall of 1930. 

Section 9.—A close-graded crushed stone was mixed 
with a kerosene cut-back. The mix was composed of 
crushed stone, three-fourth inch to dust, with muck-sand 


| filler added, and 94+ asphaltic oil cut back with kero- 
'sene and applied at the rate of 1.86 gallons per square 


vard. The aggregate contained from 1 to 2 percent 
moisture and mechanical analyses were as follows: 





Sample A | Sample B 








Passing “A —, | Percent 
44-inch screen 98. 96.5 
44-inch screen i 82.0 | 83.5 
No. 3 sieve-_-~ ; i eae SD 67.5 70. 0 
No. 10 sieve _- . ; coded : 41.0 48.5 
No. 200 sieve - Sohn 9.0 11.0 





On account of a delay in shipment of a portion of the 
cut-back material for this section, several days inter- 
vened between the mixing of the two windrows. . The 


|south windrow was mixed and left to cure for 4 days 


before being combined with the north windrow. Such 
slight hardening as occurred in the mix did not seem to 
add difficulty to the final processing or compaction and 
seemed to aid in obtaining early compaction with much 
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| 
less raveling under traffic. The section was rolled The aggregate contained 1.5 percent of moisture and 
during the early compaction. The cost of the surface | was analyzed as follows: 
was 50.81 cents per square yard, or $5,962 per mile. 
This section had remained in excellent condition. 


Sample A | Sample B 
Practically no maintenance had been required although ‘ 
it appeared that a light seal coat would probably be | passing Percent | Percent 
beneficial. The surface was nonskid, uniform in color, on pene —. op 
and free from soft spots. No. 3 siew 75, f 70.0 
Section 10.—A kerosene cut-back and was mixed No, 200 sieve “5 “3.0 


with close-graded gravel. The mix was composed of a 
close-graded gravel, such as was used on section 3, con- a ' -— 
taining sufficient fines without the addition of filler and Phe results obtained in the mixing operation were 
a 94+ asphaltic oil cut back with kerosene. A small "Ot very satisfactory. The emulsion,’ which was not a 
amount of cut-back asphalt of 110-120 penetration tue mixing emulsion, broke and became. viscous so 
was also used. The aggregate, containing 0.5 to 0.6 quickly that mixing was difficult. Instead of coating 
percent moisture, was analyzed as follows: all of the particles uniformly, as did the other types of 
. bituminous materials, this relatively quick-breaking 
emulsion had a decided tendency to form the finer 
particles in balls, leaving the larger particles practically 
eo Peng prea uncoated. When the materials had been processed 
oy 92.0 9.0 a8 well as possible, the mix was spread and rolled but 


Sample A | Sample B 


Chasen. = ~~? $3 it did not bond well and displaced considerably under 
No. 3 sieve. ; 56. 4 63.0 | traffic. It was decided to enrich the east half from 
No. 200 sieve... -- "7.5 ‘as | Stations 361439 to 353+59 by remixing with the 





ee addition of 0.49 gallon of the 95-+- M emulsion. This 


The asphaltic material used in the mix consisted of portion bonded somewhat more readily than before 
58 callons of 94+- cut aek and 0.14 gallon of 110 120 although considerable displacement of aggregate by 
a ae eo oe ,. | traffic occurred for several days. An attempt was 
cut back, the latter being added to make up for the . oo 
shortage of the former made to consolidate the mix by rolling intermittently 
The material for the left half of the road was pro- for several days. Consolidation was finally accom- 
cessed and windrowed 5 davs before processing the plished to a fair degree, the finer particles being pressed 
other half. Four davs after mixing the ascend a Dag! ai /around and interlocking with the larger poorly-coated 
° 7 b : yar ic s. 
the two were mixed together and spread. The surface | ! article . 
was rolled on the following day. Here, as on section 9 Although the manufacturers of the emulsion con- 
the short period of curing seemed to have been of | ‘ended, and it was generally agreed at the time of 
considerable benefit as the mixture compacted quickly construction, that the emulsion-mix sections would 
ati & cmaity hand eerlace was obtained ~ | require a seal treatment for best results, it was decided 
Tin total cost of the surface wes 71.19 cents per to seal only a portion of each section immediately. 
square yard or $8,353 per mile The hich cost of this | However, in order to prevent extensive deterioration 
experiment is due largely to the freight charges on the — — portions, which so on relatively poor 
. : 4s . . . rT » ry TePTe Oo » se wa) ’ . ’ 
gravel, which was shipped a long distance by rail. oe i 60 eh en 6 a ee eee 
The surface was in excellent condition except for 200 T ange dhe of @ we 6 gc ee il ee 
feet on the west end where bad subgrade and drainage | >" we = oe — le al was 64.46 cents pel 
conditions had resulted in some displacement and | *@U8Te Yyare oF os,o00 per me. sis 
cracking. The surface appeared much richer than Section 12.—A road-mix was placed consisting of an 
that of section 9 and was less nonskid. Except for | asphaltic emulsion and crusher-run stone. The crusher- 
U x / o “ x . . de 4 rt’ 
some patching on the west end and at a few locations on | 'U” stone ranged from three-fourths inch to dust. The 
the edges, no maintenance had been required. aggregate was first mixed with 60-70 oil at the rate of 
: ° e ° , "pe : . 5 des g - Rey 
Section 11.—This section was road-mix, composed of | 0.48 gallon between stations 345+ 79 and 343 +79, 
asphaltic emulsion and crusher-run stone, three-fourths and 0.70 gallon on the remainder of the section, follow- 
inch to dust. The aggregate was first mixed with 0.48 mg which 1.84 gallons of emulsified asphaitic oil of the 
gallon of 60-70 oil, after which 1.54 gallons of 95+ M grade was applied and mixed. The portion 
.? ; + ; saAtween stations 345-+75 2421.79 was enriche 
110-120 M asphaltic emulsion was applied and mixed. between stations 345 +-79 and 343+-79 was enri hed 
The portion between stations 361-+39 and 353-459 by adding 0.23 gallon of 110-120 M asphaltic emulsion 
was enriched by adding 0.49 gallon of 95+ M asphaltic The portions between stations 345+79 and 340+89 
emulsion. , : and from station 331-+-09 to the end of the section wer: 
A seal treatment consisting of 0.30 gallon of a mixture sealed shortly after the compaction of the surface 
of 95+M and 95+L emulsions and about 11 pounds | 92, the first portion 0.3 gallon of a mixture of 95+ M 
of ¥- to %-inch cover stone was applied to the portions and 95+ L emulsion was applied, while on the latte 
Y : > 2 ; Orr ; ; j 1, < ’s » OA >» 3} 
between stations 361-+39 and 357-+49 and between | Portion the same amount of the 95+ L grade emulsio! 
349-+-69 and the west end of the section. The remain- | one was used. About 11 pounds per square yard © 
ing portion of the section was left until the following * t© /s-inch stone screenings were used in covering bot! 
= . tn] 4 " ° . te . . ° a . 
summer when it also was sealed, using 0.18 gallon of PoTtions. As in the case of section 11, the portion le! 
95+ L2 asphaltic emulsion on the left half of the road- | U2sealed at the time of construction was given a se: 
way and 0.17 gallon on the right half, with a cover of | Teatment during the following summer. In this trea’ 
tol ’ ; QO5-. Ts 3 Tas j 
11 pounds per square yard of %- to %-inch stone chips. | ™et 0.18 gallon of 95+ L2 emulsion was applied t 





All the seal treatments were rolled immediately follow- 1 The demulsibility of this emulsion, using 50 cubic centimeters 0.10N. calci 
chloride, was 100 percent compared with present A. 8. T. M. requirement of a m 
mum of 30 percent. 


ing the application of the cover stone. 
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the left half of the roadway and 0.21 gallon to the right 
half. Both portions were covered with 11 pounds per 
square yard of '- to }s-inch stone screenings and rolled. 

The aggregate used on this section contained 1 to 1.2 
percent moisture and was analyzed as follows: 


Sample A | Sample B 
Passing Percent Percent 
l-inch screen 100.0 100. 0 
34-inch screen u2.0 45. 
Lo-inch screen 72.5 74 
No. 3 sieve 14.0 44.( 
No. 10 sieve 14.0 5, ( 


No. 200 sieve . 


As in the case of section 11, difficulty was encountered 
in mixing and compacting and, during the extended 
period of compaction, considerable aggregate was dis- 
placed by traffic. This condition is illustrated in 
figure 4, B. After the mix had hardened, about half 
the section was sealed, the remaining portion being 
left until the following summer when the sealed and 
unsealed surfaces had about the same appearance as 
the corresponding parts of section 11, except that the 
unsealed surface was slightly better bonded than that 
on the leaner portion of section 11. 

The cost of the mix and seal was 64.62 cents per 
square yard or $7,582 per mile. 

Section 13. On this seetion an asphaltic emulsion was 
mixed with crusher-run stone ranging from three-fourths 


inch to dust. The aggregate was primed and mixed 
with 2.23 gallons of water. Following this, asphaltic 


emulsion 95+ lL was applied at the rate of 2 gallons 
per square yard and mixed. Figure 4, C illustrates the 
mix, 

The easterly portion, stations 3264-19 to 311423 
was sealed after compaction of the mix, using 0.3 
gallon of 95+ L emulsion and covered with about 11 
pounds per square yard of \- to ‘\-inch screenings. 
The remaining portion was given a seal treatment dur- 
ing the following summer, consisting of 95-} L2 emul- 
sion applied at the rate of 0.18 gallon on the left half 
and 0.21 gallon on the right half and covered with 13 
pounds per square yard of !s- to \-inch screenings on 
the left half and 11 pounds per square yard on the right. 
Raveling resulting from the leanness of the mix is illus- 
trated in figure 4, D. 

The aggregate used on this section contained from 5 
(o 7.5 percent moisture and was analyzed as follows: 


Sample A | Sample B 
sing Percent Percent 
l-inch screen 100.0 100. 0 
‘44-inch screen 89. 0 93.0 
44-inch screen 69.0 70.5 
No. 3 sieve 52.0 48.0 
No. 10 sieve 24.0 21.0 
No, 200 sieve 1.0 1.5 


The cost of the mix and seal was 67.29 
sjuare yard or $7,895 per mile. 

\lthough the subgrade was variable and of inferior 
quality on portions of the section, certain types of 
luilure occurred in the emulsion mixtures which seemed 
to be due to the character of the mix rather than to that 
o! the subgrade. 

Where the worst subgrade conditions existed, it was 
necessary to remove the defective subgrade to a depth 
Varying from a few inches to 18 inches or more cod to 
do extensive patching during the early summer of 1931. 
This work put the surfaces in fairly good condition and 


cents per 
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FigurE 5.—TypicaL CRACKING AND PEELING WHICH OCCURRED 
DURING THE SPRING ON PORTIONS OF SECTIONS 11 AND 12, 
DvurE TO THE Bap SUBGRADE AND Poor DRAINAGE IN THE 
DITCHES. 


it was thought that the sections would go through the 
next winter satisfactorily. However, further failure of 
the subgrade occurred and additional extensive repairs 
were again necessary during the spring of 1932. 


MORE IMPORTANT FACTORS AFFECTING THE BEHAVIOR OF THE 


ROAD-MIX SECTIONS DISCUSSED 

Of the factors affecting the service behavior of the 
oil-mix type of surfacing as built in the Western States, 
moisture is probably the most important. Moisture in 
the aggregate at the time of mixing, moisture seeping 
into the surface from the top and, perhaps most impor- 
tant of all, moisture entering the surface from the sub- 
grade, must all be considered as potential causes of 
failure. 

In these experiments the most noticeable result of 
the effect of moisture was the development of areas 
having the appearance of excessive richness in bitumen. 
On these areas the mat became so soft and unstable as 
to require searifying and remixing. The time inter- 
vening before this unsatisfactory condition developed 
varied from a short time after construction to a period 
of 2 years. Subgrade water which entered the mixture 
from below was responsible for most of the failures of 
this type. 

Examination of the mat from areas affected by 
moisture in otherwise good sections indicated that 
water, in rising through the mix toward the surface, 
had apparently carried with it an appreciable amount 
of oil. 

The richer mixes seemed to lose stability earlier and 
to a greater extent than did the leaner ones. Section 
7 furnishes a good example of the comparative effect 
of subgrade moisture on rich and lean mixes. On this 


section drainage and subgrade conditions were fairly 


uniform but the west half of the section, which was 


/ comparatively rich, softened, became unstable and had 


to be scarified and remixed in 1931, while the east 
portion, except for a small area at the beginning of the 
section, has remained in excellent condition. Analyses 


of mat samples taken from the east and west portions 
show the former to contain approximately 25 percent 
more bituminous material than the latter. 

Softening of the mat occurred most generally in 
cuts where drainage conditions were least satisfactory. 
Section 4 remained in good condition except for a short 
portion at the east end which was in a cut with poor 
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drainage and subgrade. The mat on this portion of | on the verge of failure. However, it gradually hard- 
the section softened and was scarified and remixed in| ened and in time its condition materially improved. 
1931. The behavior of this section conforms with experience 

Section 3, on which gravel was used, softened more | on other projects where similar medium-curing cut-back 
extensively than did section 4, on which crushed stone materials were used, in that satisfactory stability of the 
was used. Due to the smooth, round character of the | mix developed only after a considerable period of time 
gravel particles, the stability of the gravel is apparently during which an appreciable amount of volatile material 
reduced more quickly than that of the rough, angular | evaporated resulting in greater viscosity in the remain- 
crushed material when an excess amount of water is| ing bituminous material which enabled it to furnish the 


present in the mix. stability lacking in the aggregate. 
The mix on section 5, which appeared somewhat Section 8, on which the 70-80 slow-curing oil was 


lean and was lightly sealed with the same oil used in | used with open-graded aggregate, lacked stability and 
the mix, was affected by water to a much less degree | failed early since the oil was not of a type which hard- 
than either section 3 or 4. Only a few small areas of | ened so as to provide the stability lacking in the 
its surface had softened. The seal coat provided an | aggregate. 
excellent, wear-resistant surface on this section which, It is apparent that aggregate should be closely 
due to its leanness, would otherwise undoubtedly have graded, contain an appreciable amount of fine material, 
failed by raveling. It is believed, however, that its and have high inherent stability if it is to be used with 
resistance to loss of stability has been due largely to slow-curing or medium-curing asphaltic materials. 
the leanness of the mix rather than to the seal treatment. | The fine particles, particularly that portion of the ag- 
On section 6 the mix was very lean, appearing to be | gregate passing the no. 200 sieve, seem to stiffen the 
much more so than that on section 5, and the surface | bituminous material and provide the necessary early 
was sealed with a soft grade of asphalt. This combina- | stability. The mix on section 2, which contained no 
tion of a lean mix with an asphalt seal coat provided | fines, displaced under traffic for a long time after con- 
an excellent surface and there were no indications that | struction. Although it finally developed a_ well- 
the mix had softened because of subgrade moisture. , bonded and stable surface the early behavior was not 
The behavior of sections 5 and 6 in contrast to that of | satisfactory, due to the slow development of cohesive 
the richer unsealed sections, particularly in their re-| properties in the binder. 
sistance to the action of moisture, suggest the possible The exact amounts of fines which should be present 
advantage of using a lean mix with a wear resistant) when slow-curing, medium-curing, or rapid-curing 
surface treatment, particularly where moisture condi-| materials are used cannot be stated definitely. Ex- 
tions are unfavorable. | perience indicates that in constructing road mixes with 
The belief that bituminous materials of high viscosity | average aggregates of open grading, rapid-curing ma- 
offer more resistance to the effect of moisture on this | terials should be used and that, in general, slow-curing 
type of construction than materials of lower viscosity | or medium-curing materials should not be used when 
has led to the use of more viscous materials. The effect | the dust content of the aggregate is less than approxi- 
of the viscosity of the slow-curing oils on their resistance | mately 5 percent. 
to moisture was not studied in this investigation, but Sections 2 and 8 are typical examples of surfaces 
the exceptionally good condition of section 7 on which | containing open aggregates where better results would 
the more viscous 70-80 oil was used tends to substan-| have been obtained had a more rapid-curing binde: 
tiate the opinion regarding the advantage of the heavier | been used. 
oils. The water-resistant properties of the asphaltic 
cut-back materials are also well illustrated by the be- | AMOUNT OF SLOW-CURING OIL REQUIRED MAY BE DETERMINED 
havior of the road-mix sections in which these materials 
were used. These surfaces continued in good condition,| The subgrade soils on sections 1 to 13, as she in 
uniform in color, and free from any indication of soften- | table 2, include the A-2 (mostly plastic), the A—4, and 
ing or lack of stability. A-7 types. The A-2 plastic type predominates except 
'on sections 11, 12, and 13. The more unfavorable 
GRADING OF AGGREGATE IMPORTANT IN DESIGNING MIXTURES | 4_4 and A-7 types comprise the soil on these three 
The grading of the aggregate is imports unt in design- | sections and were also found in the deep cuts and or 
ing all types ‘of bituminous mixes and is particularly | other short portions of some of the other sections. 
so in designing those types of road-mix in which the| Failures of the surface due to the subgrade were con 
bituminous materials used may not compensate for a | fined almost entirely to those portions overlying A-4 
possible lack of stability in the aggregate. Obviously, | and A-7 soils. The characteristic tendency of the A-4 
if the aggregate does not possess inherent stability it | soils to flow under load was reflected in the behavior 
must be supplied by the bituminous material. Con-| of the surface, which failed by settlement and cracking 
versely, if the aggregate has this property it need not | (fig. 5). This type of surface failure was extensive on 
necessarily be characteristic of the bituminous material. | section 11. . 
Satisfactory stability was obtained on all the road-oil-| The A-7 soils, which are elastic when loaded, caused 
mix sections where the aggregate was close-graded | cracking without appreciable displacement of the sur- 
(from 5.8 to 11.5 percent of dust), although the bitumi-| face. Failures of this type occurred extensively on 
nous material used with it had relatively little c ementing | section 12. 
value. The data on laboratory curing and stability tests 
Sections 2 and 8 were built with open-graded crushed- | made on the material from the various mixtures passing 
stone aggregate ranging from three-fourths to one-eighth | no. 10 sieve, and presented in table 3, give some indica- 
inch. A medium-curing kerosene cut back was used | tion of the degree of curing which might occur in mixed 
on section 2 and a 70-80 slow-curing oil on section 8. | surfaces containing oils and cut backs. It also illus- 
On the former section the mix remained plastic for a| trates the gain in the stability of the fine portion of 
long time after construction, during this time it seemed | the mixtures which accompanies the loss of volatile 
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constituents. The tests reported show high stability 
values indicating that the inherent stability of the fine 
portion of these road-mixes was high. Gains in stabil- 
ity corresponding to a given loss of volatile matter were 
substantially greater for the cut-back mixtures than fo: 
the slow-curing oils. 

The comparatively low total oven losses of volatile 
matter for the cut-back mixes from sections 9 and 10 
indicates that considerable more volatile matter had 
gone off during the construction operation than on 
sections 1 and 2. This explains the better early 
behavior of sections 9 and 10 as compared with sections 
1 and 2 and shows the necessity of obtaining an appreci- 
able loss of the solvent (in cut-back materials) beforé 
final compaction of the mix. 

A comparison of the amount of bituminous materials 
used with that shown to be required by several formulas, 
together with comments as to the sufficiency of the 
amounts used as indicated by service behavior, are 
given in table 6. In general, the behavior of the sec- 
tions indicates that the amounts of slow-curing oil 
required for close-graded aggregates may be deter- 
mined satisfactorily by means of one of several formulas 
now inuse. The results of these experiments, however, 
as well as observations on other projects, indicate that 
where very heavy slow-curing oils and cut backs which 
produce heavy residues in the road surface are used it 
may be advantageous to apply greater quantities than 
called for by the formulas. 

Sections 11, 12, and 13, on which asphaltic emulsions 
were used, were of a more highly experimental character 
at the time of construction than the remainder of the 
sections. Little experience had been had with this 
type of material and little information was available 
relative to its behavior during construction or as to the 
proper amount of the material to use under given condi- 
tions. Practically all details therefore were experi- 
mental and with the complication of inferior subgrade 
conditions, the results were not very satisfactory. 

Considerable difficulty was encountered in mixing 
sections 11 and 12. The emulsions broke during the 
mixing operation, balled with the fine particles of 
aggregate and produced an apparently lean, non- 
uniform mix which was harsh and very open and in 
which the coarse particles were very poorly coated with 
bitumen. On the unsealed portions, the open and 
poorly bonded surface cracked extensively, especially 
loci the spring season when the subgrade was least 
Sté able. 

The emulsion on section 13 had a slower break than 
that used on sections 11 and 12 as indicated during the 
mixing operation. The fines did not segregate and ball, 
the coarser particles were well coated and the mixture 
obtained was uniform and of a close texture. The ap- 
pe arance of the mix on section 13, as compared to that 
of sections 11 and 12 at the time of construction, is 
hown by figure 4, B, and 4, C. 

The ray eling which occurred on the unsealed portions 
of section 13 appears to have been caused by insufficient 

itumen rather than by the character of the emulsion. 
As shown in table 3, there was only 1.4 percent bitumen 
in the mix, and the total amount, including the seal, was 
~./ percent. Figure 4, D, illustrates the tendency of the 
ma 2 to ravel before being surface-treated. A further 
comparison of the quantity of bitumen, including the 
admixed oil used in the mix on sections 11, 12, and 13, is 
obtained by deducting the water content of the emul- 
sions as given in table 5 from the total amounts used. 
This shows that approximately 1.2 to 1.5 gallons of 


bitumen per square yard were used in the mix on section 
11, 1.8 gallons on section 12, and only 1.2 gallons on 
section 13. 

Since these sections were built, considerable progress 
has been made in the development of methods of manu- 
facture and handling of this type of material and, with- 
out doubt, most of the construction difficulties encoun- 
tered on these experimental sections can, to a large 
extent, now be avoided 


VARIOUS TYPES OF SURFACE TREATMENT APPLIED TO CRUSHED- 
ROCK BASE 

A 3-inch compacted base course for the surface treat- 
ments, sections 14 to 21, inclusive, was built in the fall 
of 1929. This consisted of crusher-run stone, three- 
fourths inch to dust, to which 10 to 15 percent of local 
clay and silt binder was added. Early snow and freez- 
ing weather made it impossible to thoroughly shape 
and consolidate the base course so that it was necessary 
to continue this work during the following spring. 

Due to the unusually dry weather during the early 

summer, much of the base material was whipped off by 
traffic, the final thickness of the base course being thus 
reduced to between 2 and 2% inches instead of 3 inches 
as planned. 

Immediately prior to application of the surface treat- 
ments, the base was lightly scarified, watered, and 
bladed. This work was often done during the night 
preceding application of the prime coat to avoid, so far 
as possible, damage from traflic between the final shap- 
ing of the base and the application of the prime treat- 
ment. The base was swept and this was followed im- 
mediately by the prime coat. Figure 6, A, shows the 
sweeping operation. 

A typical grading of the aggregate used in the base 
course was as follows: 


Passing Percent 
ON aa, Soak Ge is ms tn weniger 99. 6 
34-inch screen . sis hac atect aaa ite 95. 9 
i ates eere Rete eee eae 80. 6 
No. 3 sieve ; eS ee eae 68. 9 
ne eae eminies Gee 38. 7 
No. 200 sieve sa ie ga nad Coat aie ee cna . 2 


Details concerning the various sections are given in 
table 7. A prime treatment was applied to all of the 
sections. On the right half of sections 14 to 17, inclu- 
sive, a 110-120 penetration asphalt cut-back with kero- 
sene was used, while on the left half of these four and 
on the remaining sections a 50-60 penetration slow- 
curing oil was used. 

The prime coat was applied to one-half the road 
width and the material allowed to penetrate and dry 
for about 2 days, after which it was opened to traffic 
while the other side was similarly treated. Wet areas 
remaining at the end of the 2-day drying period were 
blotted with stone chips, one-eighth inch to dust. The 
cut-back asphalt penetrated to an average depth of 
three-eighths inch and the slow-curing oil to about one- 
half inch. The former material produced a tougher, 
better bonded and more wear-resistant surface than 
did the oil. Failures did not develop in the cut-back- 
primed surface, but considerable breaking and scaling 
occurred where the light oil was used. This tendency 
of the oil-primed surface to break and ravel is illus- 
trated in figure 6, B. 

Where raveling occurred in the primed base, the holes 
were swept clean of dust, sprayed lightly with a slow- 
curing oil and then filled with crushed rock, three- 
fourths inch to dust in size. 
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Figure 6.—A, Sweerinc Base Berore Priminc; B, Surraces Primep with Stow-Curinc Ow Broke in Many PLaces AND 
REQUIRED CONSIDERABLE REPAIRING BEFORE APPLYING THE SURFACE TREATMENT; C, SPREADING STONE WITH Boxes 
ATTACHED TO Trucks; D, Equipment UseEp To LIGHTLY MANIPULATE AND SPREAD THE COVER STONE. 


Both light and heavy types of surface treatments | SURFACE TREATED SECTIONS DESCRIBED IN DETAIL 
involving several types and grades of bituminous 
materials were used. To facilitate their application, 
a materials, including the emulsion, The cut-back priming on the rignt half of the sectio1 
“ A. , = y F sth." . 
The crushed stone was loaded from ears or stock had been down . days and the “e slow~ pee a 
‘ ’ 2 a Reese priming on the left side 3 days when the surface treat- 
piles with a truck crane fitted with a }-cubic-yard | an was applied , 
clamshell bucket. Three- and four-cubic-yard dump |’ W®° ®PPuee. 
trucks were used for hauling and spreader boxes were On this section an attempt was made to furthe 
used for spreading. Figures 6 and 7 illustrate the | Smooth the surface by honing the seal coat cove! 
spreading, leveling, and finishing operations. [his procedure was abandoned, however, since 1t 
Typical gradings of the crushed stone used as cover proved impossible to hone the surface without dis- 
material are given below: turbing the larger underlying stone. It was therefore 
— alerts decided to use a broom drag on al: cover courses and to 
“uto% | wt | limit the light honing operation to the heavy stone 


Section 14.—A heavy treatment of hot asphalt was 
applied. 











inch | inch cover. 
alia es Ty (ecane The application of the bituminous material on this 
134-inch screen... .-.._.- Seicctease: 100.0 |. ““ _| section was unsatisfactory due to poor operation of tle 
En satrennesensnrnnnnnionmetooreeer~ 98-2 |-------s.--- | distributor. Many small areas were missed and con- 
qgneh sefeeD........------------=--- eoneenenonnes 7.5 | %.4| siderable patching was necessary before applying the 
No. 10 sieve.................. 15 "33\ seal. The seal treatment was applied after the surface 
No. 200 sieve-___.._-- ‘ 


2.1 | had been under traffic for about 3 weeks. 

cetre Tera The cost of the base course was 31.98 cents per square 
All of the surface treatments were applied in the | yard, or $3,752 per mile. The cost of the surface treat- 
summer of 1930 and their behavior up to the final | ment was 42.12 cents per square yard, or $4,942 per 
inspection in October 1932 is described. | mile. 











re 


ne 





January 1935 


PUBLIC ROAD 267 














TABLE 7.— Details of surface treatments applied to 83-inch compacted stone base, three-fourths inch to dust and bound with approximately 
one-fiftieth cubic yard per square yard of selected soil 





sect P 
4 }—— . 5 
LEFT RIGHT E RIGH | torr 
Z PRIME, S0~ W-CURING IME W-CURING OF | PRIME, 50-60 SLOW-CURIW PRIM “ 
ze! 32 GAL 264 31 GAL | GAL 
Eg] ASPHAL MULSION (STANDARD ASPHA iM w (STANDARD) | ASPHA tm N ASPHA 
za! | . * 
ot | 
ot | 
#2 | 
ss | 
2s | | | 
se” | © 2 eRe « | £ s /@#ea¢ z 2 
a - —— _— — | oR _ - ere: 
= 
5 lee 
4 
g °° # f 3 $ | se s a : 
yi : F } | 
S = 2 | 
& 3 3 
g |fgeeee om ae o e« 2 a aaa “ 
. b>] 
a Se. . Ll 
[8 a * * = - a 
“re 7 a)*+@ 


! Quantities used in successive applications and corresponding applications of cover material are shown below 


é 5 7 <a 4 ie 
— + _— — 
! eer ! . . . RIG Lerr } 

PRIME Rim 6 RIM RIME, 50-6 PRIME 110-120 | PRIME, 50-60 | PRIME.NO—120 

w NG |ASPHALT BA W-OURIN ACK W-CURIN ASPHALT CUT BACK |SLOW-CURING OIL] ASPHALT CUT BACK 

AL | with KERC A WITH KEROSENE 29 GAL WITH KEROSENE; | 
A 9GA 50-200 ASPHALT 79 GAL 
ASPwA BA 4 + ASPHALTIC OL, APPLIED HOT APPLIED KOT’ | 
WITH NA | 
. x z 228 228 
} 
= « Sasa 
a) SaeE i} 
} 
j 
=» = - - - - 4 — ee 
xe “= ot 
279+8 30637 


3 The final application consisted of 0.58 gallon of 90-95 L3 emulsion from stations 185+00 to 174+-20 and 0.35 gallon of the 94+22 emulsion of the remainder of the section 





| Left half 





Right half 





(a) Base swept and holes repaired before priming 


oil of 17.6 specific viscosity asphalt cut back with kero- 
(Engler) at 50° C. sene to a specific viscosity 
| (Engler) of 17.2 at 50° C. 
| 


eee ..-| 0.29 gallon, 50-60 slow-curing | 0.29 gallon, 110-120 penetration 


(6) Hand broomed and holes repaired as necessary 


Tack coat teaaeld 0.26 gallon of 150-200 penetra- | 0.26 gallon of 150-200 penetra 

| tion asphalt applied hot. tion asphalt applied hot. 
Cover stone... -...- 47 pounds, %- to Minch | 49 pounds, %- to '%-ine 
| 


crushed stone. crushed stone. 


(c) Stone spread with spreader boxes, lightly honed with a 


blading machine, spotted, drag broomed and rolled 


| 
Penetration appli- 0.26 gallon of the same asphalt | 0.26 gallon of the same asphalt 
cation. as that used in the tack coat as that used in the tack coat 


application | application 
Keystone_-_- ; 31 pounds of % to -inch | 31 pounds of %- to \%-inch 
| crushed stone. | crushed stone. 
| 
(d) Stone spread with spreader boxes, spotted, drag broomed 
| and rolled 
Seal application... _| 0.20 gallon of the same asphalt_| 0.20 gallon of the same asphalt 
RELIES, | | 1 


15 pounds, %- to M-inch | 21 pounds, \%- to \-inch 


| crushed stone. crushed stone 


(e) Drag broomed, spotted, and rolled 





The total cost was 74.10 cents per square yard, or 
$8,694 per mile. 

Section 15.—A light surface treatment of a heavy 
asphaltic oil was applied hot. 











Left half Right_half 
Prime. .-. 0.29 gallon, 50-60 slow-curing | 0.29 gallon, kerosene cut-back 
oil | 
Hot application. 0.29 gallon of 94+ asphaltic oil_| 0.29 gallon of 94+ asphaltic oil 
Cover stone. - -- | 27 pounds, %- to M-inch | 27 pounds, %- to 43-inch 
| crushed stone. | crushed stone 





Because of the light cover used in this treatment, 
smoothing by blading, as in the other sections, was not 
ittempted. The equipment and methods used were 
otherwise the same. 

The cost of the base was 32.1 cents per square yard, 
or $3,769 per mile. The cost of the surface treatment 
was 14.5 cents per square yard, or $1,707 per mile. The 
total cost was 46.68 cents per square yard, or $5,477 per 
mile, 

Section 16.—A heavy surface treatment of a heavy 
isphaltic oil was applied hot. 

The method of construction was similar to that 
sed on the other heavy surface treatments. The sub- 
grade conditions were about the same as on the other 
sections. 

The cost of the base was 32.1 cents per square yard 
or $3,766 per mile. The cost of the surface treat- 


ment was 29.8 cents per square yard or $3,493 per! right 20 days at the time the surface treatment was 





Figure 7.—ToucuinGc Up SurracE By HAND AND DRAGGING 


WITH A BrRooM. 





Left half Right half 





Prime. . 0.29 gallor 





2 , 50-60 slow-curing | 0.29 gallon, kerosene cut-back. 

Tack coat... 0.18 gallon of 94+ asphaltic | 0.11 gallon of 94+ asphaltic 
oil oil. 

Cover stone... 32 pounds of %- to '%-inch | 32 pounds of %- to %-inch 

crushed stone |  erushed stone. 

| Penetration appli- | 0.31 gallon of 94+ asphaltic | 0.28 gallon of 94+ asphaltic 
cation oil oil 

Keystone._.-.-- 18 pounds, to M-inch| 34 pounds, %- to ‘\-inch 


crushed stone. 
the same as-/| 0.20 gallon of the same as- 
phaltie oil. 
12 pounds, 34- to \-inch 


crushed stone. 


Seal application 





Seal cover 13 pound Me ié-inch 
mile. The total cost was 61.87 cents per square yard 
or $7,259 per mile 


Section 17.—A heavy surface treatment of rapid- 
curing cut-back asphalt was applied. 





Left half Right half 
Prime. ._..- 0.29 gallon of 50-60 slow 0.29 gallon of kerosene ctu.t- 
curing oi back. 
Tack coat appli- | 0.29 gallon of 110-120 asphalt | 0.28 gallon of 110-120 asphalt 
cation. cut back with about 25 per- cut back with about 25 per- 
cent naphtha cent naphtha. 
Cover stone... 50 pounds, %- to s-inch | 37 pounds, %- to -inch 
crushed stone. crushed stone. 
Penetration appli- | 0.15 gallon of naphtha cut- | 0.22 gallon of naphtha cut- 
cation. back back. 
Keystone 19 pounds, %- to \-inch| 15 pounds, %- to X-inch 
crushe ne crushed stone. 
Seal application 0.22 gallon of naphtha cut-| 0.17 gallon of naphtha cut- 
back back. 
Seal cover ll pounds, - te s-inch | 13 pounds, '%- to \-inch 


crushed stone. 





The same methods were used in the construction 
of this section as on sections 14 and 16. The prime 
| had been applied on the left side 18 days and on the 
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applied. The right half of the base which was primed | 
with the cut-back asphalt was in perfect condition | 
and free from holes or raveling, while the left side 
on which the 50-60 slow-curing oil was used had 
developed a few pot holes and some raveling. - 
The amount of cover stone used, particularly on the | Cover stone 


Prime 


Tack coat applica- 


left half, was far too great for the quantity of asphalt | Penetration appli- 


used. An excessive amount of raveling occurred on | Ue. 
this half before the seal coat was applied. The diffi- |. | 
culty was corrected to some extent in applying the seal 
treatment by increasing the amount of asphalt and | **! °ve 
reducing the amount of stone cover. 


Seal application 


eft half 


0.32 gallon of 50-60 slow-curing 


ol 

0.16 gallon of 94+ L2 asphaltic 
emulsior 

47 pounds, %4- to }¢-inch 
crushed stone 

0.28 gallon of the same emul- 
sion 


8 pounds, %- to \-inch 
crushed stone 

0.25 gallon of the same emul- 
sion 

7 pound L¢-inch 
crushed 
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Right half 


0.32 gallon of 50-60 slow-curing 


oi 

0.26 gallon of 94+ L2 asphaltic 
emulsion 

48 pounds, *%4- to !>-incl 
crushed stone 

0.29 gallon of the same emul- 
sion 


30 pounds, ™% to J¢-inch 
crushed stone. 

None 

None. 


The cost of the base was 32.6 cents per square yard 
or $3,825 per mile. The cost of the surface treatment 
was 38.7 cents per square yard or $4,544 per mile. The 
total cost was 71.33 cents per square yard or $8,369 per 


The treatment on this section was essentially the 
same as that on section 18, except that the seal coat 
was applied only to the left half. 


: The priming coat had been down 8 days on the left 
=. eh: half and 9 days on the right half when the surface 
The high cost of this section was largely due to the ceciateh he nikita hx ae aueiak 46. toy iain 
. “Sy “ei ; as : ed. AS sec So, i s - 

cost of transporting the cut-back asphalt in steel drums, PI 


cient amount of emulsion was used on this section. 
The cover stone was poorly coated, and the applica- 
tion did not penetrate through to the tack coat. Early 
loosening and raveling of the stone cccurred under 
traffic. 

The cost of the base was 32.7 cents per square yard 
or $3,834 per mile. The cost of the surface treatment 
was 26.9 cents per square yard or $3,160 per mile. 
The total cost was 59.61 cents per square yard or 
$6,994 per mile. 

Section 20.—A heavy surface treatment of asphaltic 


which was necessary because of the small quantity used. 

Section 18.—A heavy surface treatment of asphalt 
emulsion was applied. 

This section, as well as sections 19, 20, and 21, re- 
ceived surface treatments of essentially the same type 
as did sections 14, 16, and 17, except that asphaltic 
emulsions from two producers were used. The designs 
of the sections were furnished by the producers and the 
work was carried out under their supervision. 








Left half Right half emulsion Was applied, 
Pe acddscantelue eS ree »f 50-60 slow-curing 0.32 gallon of 50-60 slow-curing Left half Right half 
| oi oil ‘ ialf tight half 
Tack coat applica- | 0.15 gallon of 90-95 L3 asphal- | 0.17 gallon of 94+ L2 asphaltic | — 
tion. tic emulsion emulsion 
Cover stone_-_-_-_- 17 pounds, %{- to %-inch | 58 pounds, °%4- to W-inch | Prime-. ‘ 0.32 gallon of 50-60 slow-curing | 0.31 gallon of 50-60 slow-curing 
crushed stone. crushed stone | oll ol 
Penetration appli- | 0.27 gallon of 90-95 L3 asphal- | 0.27 gallon of 94+ L2 asphaltic | Tack coat applica- | 0.26 gallon of asphaltic emul- | 0 25 gallon of asphaltic emulsion 
cation. tic emulsion. emulsion | tion sion (standard (standar:! 
Keystone..........| 16 pounds, %- to }-inch | 13 pounds, ‘4- to ‘-inch | Cover stone_-:--. 44 pounds, 34- to }4-inch crushed| 44 pounds, '4-to 44-inch crushed 
— crushed stone crushed stone stone stone 
Seal application --_| 0.58 gallon of 90-95 L3 asphal- | 0.29 gallon of 94+ L2 asphaltic | Choke stone ...| 11 pounds, s- to M-inch | 10 pounds, % to 4-inch 
tic emulsion from stations emulsion. crushed stone crushed s.one 
185+00 to 174+20 and 0.35 Penetration appli- | 0.35 gallon of the same emul- | 0.37 gallon of the same emul- 
gallon of the L2 grade on the cation sion sion 
remainder | Keystone 21 pounds, %- to M-inch | 25 pounds, % to 46-inch 
Seal cover._..._. 16 pounds, '4- to ‘<-inch | 13 pounds, '%- to \<-inch crushed stotie crushed stove 


crushed stone ‘rushed stone 


The section differs from sections 18 and 19 in that a 

The prime coat had been down on the left side 8 days | different asphaltic emulsion was used and also that a 
and on the right side 9 days before the surface treat-| choke stone cover was added before the penetration 
ment was applied. Holes and raveling which had de-| application. No seal treatment was used. 
veloped during this time were repaired before applying, It was apparent during the construction that the 
the surface treatment. , /amount of emulsion used was insufficient to fully 

The change in the grade of emulsion for the seal on | penetrate and coat the heavy stone cover. The use of a 
the left side was made because of a shortage of L3 | choke stone further increased the deficiency of asphalt. 
material. The emulsion was heated at the plant to| A similar deficiency had been appavent on sections 18 
about 140° F. in order to facilitate handling and! and 19 but additional stone cover was not used on 
spreading. The penetration application did not pene-| those sections. Excessive raveling occurred in the 
trate through the cover stone to meet the tack coat! surface shortly after construction and it was soon 
and, as a result, the stone was only partly coated.| apparent that this section would not prove entirely 
Failure from insufficient bituminous material was indi-| satisfactory. 
cated by the large amount of raveling which occurred! The cost of the base was 31.3 cents per square yard 
before the application of the seal treatment. Although | and $3,674 per mile. The cost of the surface treatment, 
the surface was considerably strengthened by the seal | including the cost of the emulsion, was 27.2 cents per 
coat, failures by raveling continued to develop on| square yard or $3,196 per mile. The total cost was 
many areas. 58.55 cents per square yard or $6,870 per mile. 

The cost of the base was 32.2 cents per square yard| Section 21.—A heavy surface treatment of asphalti 
or $3,781 per mile. The cost of the surface treatment | emulsion was applied. 
was 34.5 cents per square yard or $4,050 per mile. The method of construction was similar to that on 
The total cost was 66.74 cents per square yard or | section 20, except that a seal treatment was applied 
$7,831 per mile. As was the case in all the experiments with emulsions 


Section 19.—A heavy surface treatment of asphaltic | the stone was poorly coated due to the use of an 
| insufficient amount of bituminous material. The sur- 


emulsion was applied. 
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face showed early 
from this cause. 


indications of weakness and failure 


! 
| 


Left half ight half 





Ee 


0.32 g 
oil 
0.19 gallon 


illon of 50-60 slow-curing | 0.32 gallon of 50-60 slow-cur 
ou 


Tack coat - - of asphaltic emul- | 0.19 gallon of asphaltic emu 


sion (standard). sion (standard 
Cover stone 45 pounds, 34- to 44-inch crush- | 44 pounds, °4- to 44-inch cru 
ed stone |} ed stone 
Choke stone......_| 8 pounds, - to 44-inch crush- | 7 pounds, '4- to 44-inch cru 


ed stone | 
| 0.39 gallon of the same emul- | 
|} sion. 
| 26 pounds, - 
crushed stone. 
0.20 gallon of the same emul- 
sion. 
11 pounds, - to 44-inch gravel 


ed stone. 
0.38 gallon of the 
| sion 
inch | 24 pounds, 4- t« 
| ed stone 
0.18 gallon of the same emul 
sion. 
11 pounds, - to }-inch gravel. 


Penetration appli- 
cation. 
Keystone..-.......- 


Same emul 





to - » 44-inch crush- 


Seal application _- 


| 
Seal cover. -|m 





The cost of the base was 35.4 cents per square yard 
or $4,158 per mile. The cost of the surface treatment 
was 33 cents per square yard or $3,876 per mile. The 
total cost was 68.47 cents per square yard or $8,034 
per mile. 


PERFORMANCE OF SURFACE-TREATED SECTIONS NOT 
SATISFACTORY 


The behavior of the surface-treated sections was, in 


general, unsatisfactory. In the spring following con- 
struction, extensive failures had occurred. 


Except on section 21 which was discontinued as an 
experiment and rebuilt, these failures were repaired 
during the early summer. In the fall a light surface 
treatment was added to sections 18, 19, and 20. This 
treatment consisted of applying one-quarter gallon of 
emulsion, of the type and grade used on the original 


construction, covering with screenings at the rate of 
about 25 pounds per square yard and rolling. 


Following this maintenance work in the 
all the sections appeared in good condition. 
failures occurred again during the winter 
to such an extent that it was decided to 
all the surface-treatment experiments. 


fall of 1931 

However, 
of 1931-32 
discontinue 
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Although other factors, particularly 
conditions and the operation of heavy equipment for 
snow removal, affected the behavior of the 
sections, an important cause of early failure was insuf- 
ficient bituminous material. 

As shown in table 8, all of the surface-treatment 
experiments except section 15 and the left half of section 
16 were greatly deficient in bituminous material. 
Because of the low specific gravity of the cover stone, 
which weighed only 1,970 pounds per cubic yard, this 
deficiency was actually greater than the quantities used 
might indicate. Table 8 gives the percentages by weight 
of bitumen which would have resulted had the same 
volume of asphaltic material been used with the same 
weight of aggregate but weighing 2,700 pounds per 
cubic yard. 

Experience has shown that surface-treated wearing 
surfaces require approximately 0.1 gallon of bitumen 
for each 10 pounds of cover, particularly where the 
subgrade is poor. It is believed that had these sections 
been built with quantities conforming more closely to 
this rule the surfaces would have been better bonded 
and more plastic and would therefore have been more 


the subgrade 


se riously 


satisfactory, particularly for the conditions which 
previ ailed on this project. 
Considering the character of the subgrade, the un- 


favorable drainage during the early spring months and 
the use of very heavy snow-removal equipment, it is 
evident that the conditions were unfavorable for any 
type of thin surface treatment, and were particularly so 
for the lean surface treatments used on this project. 


CONSTRUCTION COST DETAILS GIVEN 


Due to the experimental nature of the project and to 
the short sections built, the actual costs of the different 
surfaces are excessively high and would no doubt be 
considerably reduced in the construction of an appre- 
ciable mileage of any one type. Table 9 gives details 
of costs by sections and the following tabulation gives 








TABLE 8.—Quantity of bitumen and stone cover used on each of the surface treatments and conclusions as to the sufficiency of bitumen 
Y 9) J J ! 
based on construction and early service beha 
Cover stone used | 
Bituminous material | for each 0.1 gal- |Calculated bitumen | 
] of t en 
} 
| 
a oe . . ——_ 
| | Based on 43 4. | Based on| Adequacy of amount 
Section and lane Stone | % Stone equal "a — equal of bitumen used 
a oe a Gallons | over | used volumeof} ‘{.q | volume | based on behavior 
| peng | weighi stone | veiching | of stone of the surfaces 
Types I | 1,970 weighing | #08 | weighing 
squt y | pour ] 2.700 1,970 2,700 
| yard | oa ride pounds - 
} | per cut pounds | er cubic pounds 
| | yard per cubic | I ward per cubic 
| } yard . yard 
| 
= |_——— | a 7 — 
Pounds Percent- | Percent- 
|per square age by age by 
j yard | | Pounds Pound weight weight 
Ee f 0.72 93 | Applied a 13 18 6.1 | 4.5 | Deficient. 
"|;150-200 asphalt, hot_...-....----------]) 72 7 ek ae 14 19 5.6 | 4.1 Do. 
\ alti j 29 27 | None....--.- 9 12 8.2 | 6.0 | Satisfactory. 
(94+ asphaltic oil hot......-0.---2----- \ 29 | 97 |_....do 9 12 8.2 | 6.0 Do. 
af do . 69 | 63 | Applied 9 12 8.4 | 6.1 | Do. 
{ EEN PS RSTO DSSS TREADS SOR SS \ . 59 | 78 do 13 18 5.9 | 4.3 | Slightly deficient. 
\ . a : ' f - 66 | 80 _ 15 21 5.2 3.8 | Deficient. 
pAsphalt cut back with naphtha }....... 1.67 65 |_-..do 12 16 6.4 | 4.7 | Slightly deficient. 
) | 77 | 79 | do. 19 26 4.4 | 3.2 | Greatly deficient. 
EE es Se eee: if 1.00 | 79 do 14 19 5.6 | 4.1 | Deficient. 
| | .73 84 |. ee 21 29 3.9 | 2.8 | Greatly deficient. 
\ io3 lf 69 ‘¢ , ee * 19 26 4.3 | 3.1 | Do. 
f-o<-- GO So een wnee nen enewewoew now ene-on- \ 55 4 Se 2 34 3.2 2.3 | Do. 
\ 3 f -61 i, do 22 30 3.6 | 2.6 | Do. 
f-----d0 #..-------------------------- -l\ "62 | 79 do 23 32 3.5 | 2.5 Do. 
N ....do® f 78] 90 | Applied--------- 21 29 3.9) 28 Do. 
naeee ao ccecennescpenevesecessecererel) 75 | 86 |..--.do.-.. idence’ 21 29 | 3.9 | 2.8 Do. 











1 In the calculation, emulsion was assumed to contain 56 percent of bitumen and the naphtha cut-back sbperes nt 


? Stations 185 to 200+-60. 
? Stations 174+20 to 185. 





t residus - beteneen. 
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TABLE 9.—Cost of construction and maintenance of the experimental sections 








Cost of construction 


Cost per square yard of maintaining bituminous surfaces 





| 
Sections Date constructed Per Total to October | January 


square | Per mile| October aa MApei 
yard 1930 1931 1931 


April July October | January April July October | mile of 
1931 to 1931 to 1931 to 1932 to 1932 to 1932 to 1932 to | mainte- 
July October | January April July October July nance 
1931 1931 1932 1932 1932 1932 1933 





oe Cea September 1929....| 46. 94 
 eratbamparean: | 51.18 











88S 














68. 47 


























! Experiment retreated in part only; cost prorated over entire experiment. 
1 Surface failed and experiment discontinued 

3 Includes seal applied in 1930 to complete construction. 

4 Maintenance cost not reported. 


the average unit cost of some of the more important 
items entering into the construction of the experimental 
sections: 


Local stone at crushing plant: Per cubic yard 


CO ES A ee ee eee Se $1. 19 

NG tls a Sua ala Salah anid aise outcast 2. 46 

oa ca on dsl io era sh ec aca np ea Sia 1. 44 

I sd unex ns nl tn pe . 99 
Other aggregates, f. o. b. destination: 

Crushed gravel, % inch to dust, per cubic yard. __-__- $2. 78 

Fine sand filler (muck sand), per ton. .-_--...._---- 2. 25 


Up to the time of the inspection in 1932 the eight sur- 
face-treated sections had required complete reconstruc- 
tion. The three road-mix sections on which emulsions 
were used had received extensive repairs where subgrade 
failures had occurred. The road-mix section with 70-80 
oil and open-graded aggregate had been reconstructed 
by extensive foundation repairs and by reworking the 
surface with the addition of fines. The remaining nine 
sections, all of the road-mix type, had required some 
repairs due primarily to base failures but were generally 
in good condition. 

Later inspection of the experimental sections in 1934, 
5 years after construction, showed that all of the road- 
mix sections were in serviceable condition. No exten- 
sive maintenance or reconstruction had been required 
except over certain areas where poor subgrade and 
drainage existed. A seal coat of hot oil had been applied 
to portions of sections 1, 3, 4, 5, and 7 and to all of 
sections 11, 12, and 13. 


RESULTS OF INVESTIGATION SUMMARIZED 


A summary of the more important results follows: 

1. Portions of the oil-mix sections were affected by 
capillary moisture which resulted in the surface 
becoming soft and unstable. 

2. The effect of moisture on the road-mix sections 
with slow-curing oils was greatest with the rich mixes 
and on areas where the drainage was not satisfactory, 
as well as on subgrades having high capillarity. 

.3. The road-mix surfaces containing emulsion and 
cut-back asphalt did not lose stability or develop soft 












































areas from the action of moisture as did several of the 
oil-mix sections. 

4. The action of moisture seemed to be more severe 
on the oil and gravel mixes than on the oil and crushed 
stone mixes. 

5. The excellent behavior of a lean oil mix with a 
light surface treatment of heavy asphaltic oil and stone 
chips suggests possible advantages of this type over 
the richer and unsealed oil mixes, particularly where 
moisture conditions are unfavorable. 

6. Satisfactory repair of those portions of the oil-mix 
surfaces which softened was obtained by scarifying and 
remixing. 

7. Slow-curing or medium-curing bituminous mate- 
rials should be used for road-mix construction with 
aggregates of the dense-graded type, while the more 
rapid-curing materials are best adapted to aggregates 
of the more open type (those containing less than 5 
percent of material passing the no. 200 sieve). 

8. The results of these experiments indicate that 
several of the formulas now in use are satisfactory for 
determining the amount of bituminous material re- 
quired as binder in road-mix construction with the 
lighter slow-curing oils and close-graded aggregates. 

9. For the very heavy slow-curing oils and the cut- 
backs and emulsions which develop heavy asphaltic 
residues in the road surface, somewhat greater quanti- 
ties than those indicated by the formulas may be used 
to advantage. 

10. Early failure of the road-mix sections occurred 
generally where unsatisfactory subgrade conditions 
existed. In the case of the unsealed portions of the 
road-mixes containing emulsions, failure was hastened 
by the open and porous condition of the mix. 

11. Early failure of the treated surfaces was due to 
the unsatisfactory subgrade and the use of an insuffi- 
cient amount of bituminous material which resulted in 
surfaces which were highly friable and poorly bonded. 
Because of the dust content and low specific gravity o! 
the stone cover, the deficiency in bitumionus materia! 
was greater than the quantities indicate when ex- 
pressed by weight. 
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